Sustainable development serves as a comprehensive framework for the formation of policies and actions that integrate environmental, economic, and social issues. It recognises that the Earth's natural systems are not only critical to basic economic needs, but also to human quality of life. There are now increasing public and legislative demands for water service providers to use this 'triple bottom line' approach in weighing their role, responsibilities and risks to people, planet and profit. These sustainable development principles are of prime importance to the water industry and should be viewed as an opportunity rather than a business constraint. However, translating these principles into concrete action is not a simple task. The Sustainable Water industry Asset Resource Decisions (SWARD) project has explored the difficulties that organisations face when making asset investment decisions, particularly the way in which sustainability considerations are included in these processes. SWARD has devised a framework of decision support processes that can be used to include the principles of sustainability more effectively within the decision-making processes.
INTRODUCTION
Although the principle of sustainable development has gained widespread agreement, it could be argued that many organisations have still not grasped its meaning, and that even fewer have translated sustainability into action. The 'triple bottom line' approach to society, the economy and the environment focuses organisations on the value they add, or destroy, to these interconnected spheres. Sustainable development is of prime importance to the water industry nationally and internationally, as it aims to provide water services at reasonable cost, while conserving natural resources, protecting the environment and meeting social needs. Effective integrated water management is a key component of the world water vision and the way in which aspirations for water equity may be realised. 1 Part of the vision includes the promotion of sustainability of water systems and full accountability for their interaction with other systems. One of the major outcomes of the 2002 world summit on sustainable development was a 'framework for action on water and sanitation' that outlines nine action areas. 2 These include to: halve, by the year 2015, the proportion of people without access to safe drinking water and to basic sanitation (reaffirmation of millennium development goal); develop integrated water resources management (IWRM) frameworks, and implement water management action plans at the country level; and mobilise financial resources to meet the investment needs in the water sector.
A major area of concern (and opportunity) for the water industry is the demand for an increase in stakeholder dialogue. Water service providers are now operating in an environment in which they need to include an ever-growing range of additional stakeholder groups, defined as those who affect or are affected by their activities. Although it is debatable as to whether widening participation in water industry decisions has so far had any real impact or whether it is simply 'windowdressing', one thing is certain: national and European legislation is increasingly demanding that organisations adopt transparent and stakeholder-sensitive decision-making processes. The EC Water Framework Directive, 3 which came into force in July 2000, specifically requires member states to adopt public participation (Article 14) in water management. The Directive will have to be implemented over the next 15 years. The EC is also proposing a new Directive on 'Public Participation in Certain Plans and Programmes Relating to the Environment'-as a step towards the ratification of the Aarhus Convention. 4 Implementation of this will both push for much earlier and extended engagement in the consideration of options as well as in decisions on specific proposals.
In response to recent reports by the House of Commons Environmental Audit Committee and the Environment SubCommittee, the UK Government is to amend the draft Water Bill to give the director general of Ofwat a specific sustainable development duty to cover the interaction of environmental, social and economic issues. The Government is currently considering the exact form that the sustainable development duty will take. In addition, the CORE (Corporate Responsibility) Coalition was launched in early 2002, along with the publication of its draft private member's Bill. The Bill demands (among other things) that companies should consult with their stakeholders on company activities and impacts; directors should take all reasonable steps to minimise any negative social, environmental and economic effects of their companies' operations; and stakeholders would be able to hold companies and directors legally to account on these issues.
Globalisation of the water industry may create an environment in which short-term goals are being emphasised at the expense of long-term sustainability, the environment, or the rights of indigenous peoples. The most dramatic examples of unsustainable water industry activities contributing to social and environmental degradation can be found in developing and accession countries (Figs 1 and 2 ). However, in the UK, shortterm costs and current regulation are the major drivers for decisions on asset management, and encourage the continued adoption of unsustainable 'quick fixes' and low-risk technologies and solutions. Where statutory standards are satisfied in the short term, there is often a conflict between infrastructure development and environmental management. 5 One UK example is the current inefficient application of 'off-the-shelf' solutions to the requirements to upgrade 4000 unsatisfactory combined sewer overflows under the UK's 3rd Asset Management Planning (AMP) programme in a period of less than five years. 6 This does not allow sufficient time for due consideration of all the elements required if the more sustainable solutions are to be adopted.
In view of the need to embrace the various principles of sustainable development it is clear that traditional cost-benefit approaches to asset investment are now no longer acceptable within the water industry. One of the particular difficulties has been, and still is, that it is easier to define what is unsustainable practice rather than what is sustainable. 7 Progress has also been made in the water sector by a number of researchers [8] [9] [10] who have proposed definitions of sustainable water management and strategies to implement it. Water service providers now recognise that they have a responsibility to shareholders, customers, employees, and wider society, and there have been several recent attempts to produce a structured classification of sustainability criteria specifically for water/wastewater services in the UK 11 and Europe. [12] [13] [14] The International Hydrological
Programme and the American Society of Civil Engineers 15 have taken perhaps the most comprehensive and holistic approach to the concept of sustainability applied to water resource system design and management. They have provided sustainability criteria and guidelines for water resource systems engineers and planners that cover design, management and operation of the physical system; the environment and ecosystems; economics and finance; institutions and society; health and human welfare; and planning and technology. Aside from sustainability criteria, there has been a proliferation in the use of tools aimed at assessing 'sustainability' within the water sector. However, most of these tools are biased towards environmental management and compliance rather than meeting human needs.
ASSESSING SUSTAINABILITY
The use of the tools currently being applied to assess 'sustainability' within the water sector varies widely due to differences in the purpose of assessment, the nature of the activity being assessed, and the decision-making context in which the tools are used. Several tools can advance the assessment of development projects by utilising a multidisciplinary and integrated process. These include determining the best practicable environmental option (BPEO), the use of sustainability metrics, limited life cycle inventory, facility design optimisation, practical minimum energy requirements, whole-life costing, ecological footprinting, and integrated environmental impact assessment. Many of these can influence project development by helping to identify viable design alternatives that are environmentally and socially acceptable, and provide opportunities to improve stakeholder participation. Some of these tools have also been used to re-examine the legislation relating to the water environment. One UK water company is using the technique of ecological footprinting to challenge the requirements of the Urban Waste Water Treatment Directive, 16 under which utilities must provide secondary treatment for sewage pro- duced by most communities of 2000 people or more. The company argues that complying with the directive is more environmentally damaging because secondary treatment is so energy intensive that the atmospheric pollution generated often outweighs any benefits to the marine environment. 17 However, the greatest power in ecological footprinting and any of these other tools comes when they can feed into a holistic sustainability assessment framework, as any individual tool can only achieve a partial representation and assessment.
THE SWARD PROJECT
The Sustainable Water industry Asset Resource Decisions (SWARD) project began by exploring the difficulties that the water service providers face when making asset investment decisions, particularly the way in which sustainability considerations were already being included in these processes. The primary objective of the project was to provide a means whereby the water service providers could more effectively include the principles of sustainability within the decision-making processes. This 'enhancement' of the inclusion of sustainability had to be as transparent as possible if it was to be accessible to each of the stakeholders in any development proposal. In addition it had to fit with contemporary decision-making processes in the water industry and be cognisant of the institutional and other constraints. The project team comprised researchers from five UK universities, together with collaborators from the Scottish water authorities, English water companies and water professionals from Romania and Australia.
There were three main aspects to the SWARD project ( Fig. 3 ):
. Decision mapping to determine how decisions are currently made by the water service providers and how sustainability issues are included.
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. Production of a guidebook as a tool to help water service providers apply the concepts of sustainability.
. Demonstration of the guidebook use by means of a wide range of case study examples.
DECISION MAPPING
A process of 'decision mapping' was initially undertaken with Scottish and English water service providers. The techniques utilised fly-on-the-wall attendance at Value Management workshops, questionnaires, content analysis of documentation, focus groups and SWARD workshops. This was undertaken to assess how the water industry currently makes decisions and to identify the place sustainability considerations have in the processes used. The results of the decision-mapping exercises suggest that a relatively narrow set of economic and technical criteria are currently used in decision making, mainly related to costs, risk, environmental impact and maintaining flexibility and build quality. A wide variety of decision-making situations were observed, including: utility-wide sludge management strategy; water resources/supply assessment ('headroom'); service reservoir site selection, etc.
The exercises resulted in the development of a mapping technique that allows the existing decision-making processes and information flows to be identified and analysed. The result is an information flow network that delineates the whole decision-making process. A thematic decision map is subsequently superimposed to yield decision nodes. These 'nodes' correspond to critical features in the structure of the decision process, and suggest improvements and opportunities for the introduction of analytical tools or more complex decision support systems. Fig. 4 presents some of the outputs from a case study undertaken with an organisation where a value management approach is used to arrive at strategic decisions. This approach allows full stakeholder participation, uses a facilitator to control the process and structure the sessions, and is also supported by consultants who provide technical data and information. The case study investigated the effectiveness of the decision-making approach employed by the organisation, with the ultimate aim of guiding improvements in the processes used, and to facilitate the introduction of sustainability issues within these processes.
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The decision-mapping exercises revealed that although there were differences in detail between the ways in which organisations tried to include wider sustainability considerations in their decision making, the approaches used were sufficiently generic that a set of decision support processes could be produced that would be useful across a range of organisations. It was clear that UK water service providers are in need of a set of 'generic' sustainability criteria, informed by the UK Government 19 and
Water UK 11 principles and indicators, but of direct use in assessing development options.
THE SWARD GUIDEBOOK
Building on the decision mapping, a guidebook was developed that would act as a practical tool to assist with the explicit inclusion of 'sustainability' in the decision-making process. The SWARD guidebook contains a framework that comprises a set of decision support processes that can be used by water service providers to explicitly incorporate sustainability considerations into their decision-making procedures, through the use of sustainability criteria, indicators and processes.
THE SWARD DECISION SUPPORT PROCESSES
The Guidebook outlines seven basic component phases in the iterative decision-making process that may be used by water service providers for evaluating the relative sustainability of a range of options.
Review of performance and definition of decision objectives.
Generation of options by means of project development processes. Standard design solutions or more creative approaches can be for the generation of alternatives. Some of the generated options may be rejected as non-compliant or because they demonstrate a negative performance in relation to technical and financial criteria.
Selection of criteria and indicators appropriate to the decision under consideration. A list of SWARD primary criteria has been generated through the information obtained from focus groups and decision-mapping exercises along with a review of the relevant sustainability literature. The criteria are categorised under the headings of economic, environmental, social and technical, and within each category there are a small number of primary criteria (Table 1) . Under each primary criterion, a larger number of secondary criteria are specified. These are defined quantitatively or qualitatively by indicators that may be used collectively to assess the likely performance of the water/ wastewater system for the particular development option under scrutiny, in order to assess whether the system is moving towards or away from greater sustainability. The criteria are dynamic and can be continually reviewed as knowledge about the organisation (institution), regulations and customers (context), and systems (technical and scientific) advances. The set of criteria chosen for a particular project should be checked for: comprehensiveness, applicability, tractability, transparency and practicability.
20
Collection of data and generation of information for each option and each criterion. Since the future performance of the system under different options is being considered, data collection on past system performance will need to be combined with modelling to assess the future performance of each option.
There are a variety of ways to collect data and/or generate information for relative sustainability assessment. These include
. records or direct measurements . collecting data from internal and external stakeholders . modelling and/or simulation of existing and alternative systems . the use of economic analysis tools such as costbenefit analysis and cost-effectiveness analysis . the use of environmental analysis tools such as life cycle assessment, material input per unit of service, environmental risk assessment, material flow accounting, cumulative energy requirements analysis, environmental input-output analysis, and analytical tools for eco-design (eco-design tools). The main features of the tools are described within the Guidebook, along with a discussion of their advantages and disadvantages.
The guidebook decision support processes depend on
. the collection of indicator data . the generation of indicator information.
Information is data that can be used to help make decisions. Indicator data, in their raw form, may be suitable for direct use by stakeholders at the decision-making stage. Alternatively, they may need to be processed into a more readily understood form (information generation). This is illustrated in Fig. 5 .
Analysis of options.
There are many different tools, methods, techniques, algorithms, and systems that can aid and advise the decision-making process. The relative sustainability of water/ wastewater systems should be assessed using the four main criteria categories, each of which are defined in terms of noncommensurate measures. This approach lends itself naturally to the use of one or more of the formalised multi-criteria decision analysis methods as a screening tool. All such decision support methods attempt to map the attributes of each decision outcome onto a preference structure using the various criteria. In some cases this results in a numeric function that expresses the perceived value or utility of each outcome compared with another (these are known as aggregate value/utility function methods); in other cases this process produces a less precise ordering of the outcomes (known as outranking methods). The three most prominent groups of aggregate value/utility function methods are: multi-attribute utility theory, simple multiple attribute rating technique, and analytic hierarchy process. The outranking approach differs from the value/utility function methods in that it rejects the notion that all alternatives are comparable, maintaining that in some circumstances a decision maker will be unwilling or unable to compare some options. The two most prominent groups of outranking methods are ELECTRE and PROMETHEE. In terms of output, any of the approaches can provide an overall ranking of the options under consideration, but this should always be treated cautiously. The most powerful approaches are those that provide a means of investigating the robustness of the data and the sensitivity of the overall ranking. The use of a transparent multi-criteria image analysis enables other stakeholders to criticise the weightings or choices used in the multi-criteria image analysis, and assess whether different values would affect the preferred choice of option.
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Selection of preferred option. Multi-criteria image analysis and other analytical approaches do not remove the need for human judgement on issues such as risk and uncertainty and on the influence of intangible issues on the final decision. Examples of two risk analysis methods that can be used with the analytical tools to guide the decision maker on the likelihood of reaching a wrong decision are sensitivity analysis and Monte Carlo simulation. The decision makers must consider each option in terms of the results of the decision analysis, the risk assessment of the robustness of this analysis and the qualitative information on intangible aspects. Ultimately they must use human judgement to make the final decision on which option is the more sustainable. The analytical process should overcome a number of cognitive limitations of the human decision maker, in that the pieces of information will have been reduced to manageable numbers and the risks associated with decisions will have been reduced.
Implementation of option and post-project monitoring and feedback. Monitoring and evaluation should confirm that the evaluation undertaken in the decision stage was realistic; this is the decision review stage. It should also be used as process review as a means to refine the generic and specific criteria, the database and indicators (where used) and the SWARD processes in general. Post-implementation monitoring may be required over a significant period (possibly decades, depending on the nature of the development). For sustainable developments, certain aspects (particularly the social criteria) will inevitably be 'monitored' informally.
DEMONSTRATION OF GUIDEBOOK USE THROUGH CASE STUDY EXAMPLES
The SWARD decision support processes are illustrated by the inclusion of case studies within the guidebook (Table 2 ). These were selected to illustrate a range of decision types, with each presenting different social, environmental and economic challenges for the decision maker. The case studies show how the guidebook can be applied to real asset planning decisionmaking processes, and provide practical examples of how to generate options and select criteria for sustainability evaluation. 22 The studies also illustrate the necessity for stakeholder involvement in all stages of the decision-making process.
Case study example: More sustainable management of domestic sanitary waste
This case study examined the relative sustainability of a range of options for the management of domestic sanitary waste currently disposed of using the WC. This method of disposal is habitual in the UK and a number of other developed countries, and causes many problems for wastewater system operators, including: blockages; increased requirement for sewer maintenance; increased loads to treatment plants; and significant impacts on the environment by overflow discharges and 'escape' through screens. 23 The case study was conducted using a real catchment with the aim of managing the number of sanitary waste items escaping to the environment via storm overflow discharges in a way that is likely to be the most sustainable. Six options were generated for assessment (Table 3) . The different approaches address the management of sanitary waste at different points in the system, and can be grouped into three generic methods: (a) end of pipe; (b) habit change; and (c) spill reduction. 24 The criteria used in the case study are presented in Tables 4-7 . A wide range of data collection methods were utilised for the sanitary waste case study, including life cycle analysis (LCA), 25 hydraulic modelling, social surveys and workshops. 24 During the course of the case study a workshop was held for members of staff from a water service provider. The To force a change in disposal habits (exclusion) switching from WC to solid waste route 6 ) and sewer rehabilitation) generally occupy the top three ranks for all analytical models. Options 1, 6 and 3 (install 6 mm screens, fit constricting WCs and install flow storage) were in the lower three ranks. In the UK, there is a legislative requirement for 6 mm screens to be fitted at overflows to meet the minimum discharge requirement for aesthetic pollution. This requirement for screening is a direct result of the almost ubiquitous disposal of gross solids by WC, and the subsequent aesthetic pollution of watercourses. In other European countries, screening is largely unnecessary due to differences in sanitary waste disposal habits. Installing in-sewer storage, a 'quick fix' solution commonly used in the UK, was also revealed by the case study to be less sustainable than the three high-ranking alternative options. 24 
CONCLUSION
SWARD has led to a greater understanding of how a wide range of water service providers currently make decisions and what place sustainability has in the decision processes. Unfortunately, in most organisations, the selection of options for water/ wastewater projects is still generally prescriptive, and current legislative, technological and economic paradigms tend to constrain water service providers to adopt well-tried and tested available technologies. The increasing pressures on water service providers to include 'sustainability' within their project planning processes should not be viewed as a constraint, but should be regarded as a fresh opportunity for water and wastewater system planning to contribute to sustainable development. Water service providers that truly embrace the 'triple bottom line' approach will make better-informed decisions, as well as enhance their reputations in the eyes of consumers and the communities in which they operate. The SWARD framework has been specifically developed to complement, rather than supersede, the current decision-making processes used within the UK water industry, and can help the sustainability aspirations of the UK water industry to become fact. In the words of Kofi Annan at the 2002 Johannesburg 
